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Importance of the Keratinized Epithelial Cell in Bacterial Adherence 
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The effects of cellular pathology and keratinization of 
skin and nasal cells upon binding of Staphylococcus au-
reus were examined. Adherence with epithelial cells ob-
tained from either the skin or nasal mucosa of patients 
with atopic dermatitis was greater than that observed 
with normal cells (p < 0.001); the difference in adherence 
between psoriatic and normal cells was not statistically 
significant. Tested nasal cells were microscopically dif-
ferentiated into 4 general types based on stage or layer 
of keratinization: spinous, low granular, high granular, 
and keratin. The degree of adherence was related to the 
progress of keratinization. Data indicated the existence 
of 2 types of receptors for S. aureus on nasal cells: One, 
present upon both granular and fully keratinized cells, 
is not blocked by teichoic acid and appears responsible 
for the higher bacterial counts on atopic cells; the second 
is found on keratinized cells only and is susceptible to 
teichoic acid. 
Virologists have long known adherence to be the first step in 
the viral infection of a host cell, be it animal, plant, or bacte-
rium. Only recently have bacteriologists recognized a similar 
phenomenon in the colonization of animal sur faces by higher 
microorganisms. Selective bacterial adherence has now been 
demonstrated with cells from the intestines [1], from the various 
vaginal and oral tissues [2,3], from the skin [4], and from the 
nasal mucosa [5]. Most research on mechanisms of attachment 
have centered on the appendages and cell wall components of 
adhering bacteria, such as fimbriae [6] and teichoic acid [7]; 
lit tle attention has been given to the development, unmasking, 
or acquisition of complementary receptors on the host epithe-
lium. 
We have previously reported that nasal cells obtained from 
h ealthy carriers of Staphy lococcus aureus bind greater num-
bers of the bacterium than cells from noncarriers [5]. This 
present study expands our investigat ion of epithelial cells by 
examining adherence on nasal and skin cells of patients with 
psoriasis or with atopic-dermatitis (diseases associated with 
high carriage of S. aureus ) and by demonstrating the influence 
of keratinization. 
MATERIALS AND METHODS 
Volunteers 
Dermatology clinic patients diagnosed as having psoriasis or atopic 
dermatit is gave their consent upon full explanation of the sampling 
procedu re and in tent of this study. Each trial involved the pooled cells 
of 3 patients. Laboratory personnel, deemed noncarriers of S. aureus 
after several negative nasal cul tUl"es, provided control, normal mucosal 
cells. 
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Abbreviatj":1s: 
PBS: phosphate bu ffe red saline 
Nasal Cell Suspensions 
Volunteers-usually 2 to 5 in number for each t rial-collected their 
own mucosal cells by gently scraping each anterior nare 10 t imes with 
the longitudinally split-off edge of a wooden tongue depressor moist-
ened with 0.067 M phosphate buffered saline (PBS) a t pH 6.8. Two-ml 
cell suspensions were pooled a nd vacuum-fLltered onto a membrane of 
lO-!-Im pore size (MiUipore Corp.). After the cells had been washed fTee 
of mucous with 30 ml of buffer, they were dislodged into a small volume 
of buffer by a vortex mixer. CeU concentrations were typically 10' a nd 
10r'/ml [5]. 
Shin Cell Susp ensions 
Using a sUl"gical blade, we scraped away skin squames from the 
forearms of volunteers a nd dispersed the ceUs in 2 ml of PBS . The 
procedure of washing continued as tha t for the nasal cells. Squames of 
psoriatics and atopies were removed from lesions on the volru' sW'face 
primarily neru' the fossa. 
Bacterial Susp ensions 
Staphylococcus aureus strain 502A, grown overnight (18 hI') at 37°C 
in Tryptic soy broth (Difco), was centrifuged, washed twice, and resus-
pended in PBS to a concentration of about 10" colony-formin g uni ts/ 
mI. For one test , we used a smaU-colony nasal coryneform tha t was 
freshly isolated from one of us. The bac terium was grown in brain herut 
infusion broth (Difco) supplemented with 0.5% (vol/vol) Tween 80. 
Tests for Adherence 
In the general procedure, we combined 1-ml sllspensions of nasal 
cells and staphylococci, the latter in cleru' excess to saturate available 
receptors. Adherence, if any, occurred within 90 min after incubation 
at 37°C in a shaking water ba th. Unattached bacteria were sepru'a ted 
from the epithelial cells by fLltering the mixture onto a membrane (10-
!-1m pore size, Millipore Corp.) and washing with 40 ml of PBS. Gentle 
scraping of the cell-laden membra ne by a pipette t ip followed by 
vigorous spinning in about 1 ml of buffer on a vor tex mixer sufficiently 
dispersed the nasal cells. The harvested cells were applied to slides, air-
dried, heat- fixed, and stained for 30 sec with crystal violet. We deter-
TABLE I. Adherence of S . 3Lu'eus strain 502A on epithelial cells of 
p atients with p soriasis 
Nasal cells 
Patients 
Healthy subjects 
Skin cells 
Patients 
Healthy subjects 
60.1 ± 29.6" 
54.6 ± 16.5 
33.4 ± 15.7 
26.7 ± 13.8 
" Number of cocci per ceil, mean ± SD. 
" Significance calculated by standard I-test. 
p < 0.48" 
p < 0.17 
TABLE II. A dherence of S. aureus strain 502A on epithelial cells of 
patients with atopic del'lnal.il'is 
Nasal cells 
Patien ts 
Healthy subjec ts 
Skin cells 
Patients 
Healthy subjects 
62.7 ± 26.6" 
48.6 ± 16.4 
52.9 ± 19.2 
39.1 ± 15.7 
" Number of cocci per ceil, mean ± SD. 
"Significance calculated by standard I.-test. 
p < 0.006" 
p < 0.001 
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FIG 1. Types of epithelial cells found in nasal scrapings. Bacterial adherence increases with keratinization. (A) spinous layer ceil, (B) low layer 
granular cell, (C ) high layer granu la r ce ll , (D) keratin layer cell. 
mined the number of bacteria bound to each epithelia l cell by direct 
microscopic observation at x 1000 and manual enumeration. 
For one series of t ria ls, 0 (control), 0.5, 1.0, and 2.0 mg of phenol-
extracted, isogenous teichoic acid (7) were reacted with I-ml portions 
of the nasal ce ll suspension for 90 min in a 37°C sha king water bath 
prior to the in troduction of the staphylococcus. 
RESULTS 
Psoriasis 
Table I ummarizes the representative data obtained from a 
trial with skin and nasal cells of psoriatic patients as compared 
to that of nonnal volunteers. Twenty cells were counted for 
each study group. Neither the nasal cells nor the skin squames 
showed any statistically significant differences in adherence of 
bacteria between these patients and controls. However, staph-
ylococci generally were more numerous on the nasal epithelia! 
cells. 
Atopic Dermatitis 
Both cutaneous and nasal cell of atopic patients dearly 
bound more staphylococci than those of healthy subjects (Table 
II) . Again we noted that nasal cells provided a higher level of 
adherence. Each average of this survey was calculated from 40 
cells. Similar results were obtained in tlu'ee separate trials. 
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TABLE Ill. Proportion of epithelial cell typ es found in nasal 
scrapings 
Spinous Low High Fully granular granula r keratinized 
Mean 10% 22% 29% 39% 
Ra nge 4-12% 16-27% 24-33% 34-48% 
TABLE IV. R elationship of adherence to age of nasal cell 
Cell type 
Bacterium Low High Fully Spinous granulaJ' granulru' keratinized 
S. aureus 8.4 ± 4.2 " 30.6 ± 13.8 64.5 ± 17.9 123.5 ± 32.6 
Nasal 6.5 ± 3.5 51.5 ± 18.5 106.0 ± 27.0 214 .5 ± 65.5 
coryneform 
" Number of bacteria per cell , mean ± SD. 
TABLE V. Adherence ofS. a ureus strain 502A on atopic and normal 
nasal cells from various layers 
Cell type 
Volunteer Low High Fully Spinous granular granular keratinized 
Atopic 5.0 ± 3.7" 50.7 ± 20.2 92.0 ± 25.7 169.1 ± 46.5 
H ealthy 4.6 ± 3.2 23.7 ± 13.9 68.6 ± 23.0 136.3 ± 48.6 
p < 0.9 b P < 0.001 p < 0.018 P < 0.09 
" Number of cocci per cell, mean ± SD. 
b Significance calculated by s tandard t-test. 
Keratinization 
Upon inspection of the stained nasal cells, we readily noted 
differences in bacterial counts among nucleated and enucleated 
cells. Although representatives of the entire spectrum of mat-
uration could be found, we could place the stratified epithelial 
cells within four common histological categories based on size, 
shape, co~dition or absence of the nucleus, and cytoplasmic 
consistency (Fig 1): young spinous cells, being small with a 
deeply stained nucleus and a meager cytoplasm of glassy 
smooth texture; low level granular cells, being slightly enlarged 
and having a rhomboidal shape with deeply stained cytoplasm 
of coarse grainy texture; high level granular cells, being poly-
gonal with a degenerating nucleus and a further enlarged, 
moderately stained cytoplasm of transitional granular to fibril-
lar texture; and the external keratinized cells, being large, flat, 
enucleated and with a lightly stained cytoplasm of rugose or 
even texture. The proportions of these cell types within nasal 
scrapings, as determined by 14 trials of lOa-cell count each 
(based on a total of 50 healthy individuals) , are given in Table 
III. The same individual scored these cell types throughout this 
investigation. 
Adherence was directly related with the age of the epithelial 
cells: the fully keratinized cells often carrying twice as many 
staphylococci as the upper level granular cells, which in turn 
bound nearly twice as many bacteria as the cell of lower layers. 
The increase could not be accounted for by enlargement of cell 
size alone. Table IV shows the combined results of 8 trials 
which employed a total of some 30 healthy volunteers. This 
effect was not limited to S. aureus; studies using a nasal 
coryneform yielded the same relationships (Table IV). 
In one comparison of atopic patients with normal subjects 
(Table V), we noted intragroup differences in tally of about 28 
staphylococci per cell, whether it be granular or keratinized. 
Only the granular cells gave statistically significant differences 
in adherepce. 
Recognition of the importance of keratinization was espe-
cially furthered by our examination of teichoic acid as a blocker 
of adherence (Fig 2) . Only the fully keratinized .cells were 
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affected, showing a maximal decline in adherence of about 65%. 
Indeed, average tallies reached or even fell below those of high 
layer granular cells at the associated optimal concentration of 
teichoic acid . We observed this effect in four separate trials. 
DISCUSSION 
Because S. au reus is readily isolated from patients with 
atopic dermatitis and somewhat less so from those suffering 
psoriasis [8,9], we considered increased adherence as a possible 
contributory cause of colonization. Whereas psoriasis is primar-
ily a skin disease of unknown origin, atopic dermatitis has been 
related to an aberrant, hyperactive immunological condition 
and hence may be merely one symptom of a systemic disorder 
that probably also affects the nasal mucosa and other regions 
of the respiratory tract [10). Despite the profound alteration in 
microarchitecture, antigenicity, and metabolism of cells in pso-
riatic plaques, we found no enhanced adherence with the skin 
and nasal cells of such patients. Atopic dermatitis skin cells are 
far more normal, and the disease is characterized by eczematous 
hyperkeratinization and dryness. Nevertheless, such cells, in-
cluding those from the nose, yielded superior tallies. Therefore, 
adherence appears to be a responsible mechanism for the 
carriage of S. aureus by people with this malady. Furthermore, 
the enhanced binding of the cocci implies an inherent cellular 
alteration unrelated to any immunological aberration associ-
ated with the disease. 
Keratinization is an extremely complex process by which an 
epithelial cell is prepared to form a protective barrier against a 
harsh external environment. Marked in part by the massive 
sulfhydryl crosslinking of fibrillar proteins, dehydl'ation, lipid 
degeneration, and cell membrane thickening, the epithelium 
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FIG 2. Effect of te ichoic acid on adherence of S. aureus strain 502A 
to nasal epithelial cells of various iayers. 
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presents a gradation in quantity and kind of receptors, antigens, 
and other surface components [11]. The bacterium, however, is 
ini tially exposed only to the highest layers of the squamous 
epithelium, those of the fully keratinized cells. The emphasis of 
adherence studies of skin and nose should thus be placed upon 
this outermost cell type. 
Our analysis of keratinization and adherence indicates the 
existence of two kinds of receptors for S. aureus on nasal cells: 
One, becoming more numerous with the progressive develop-
ment of the granular cell type, is unaffected by staphylococcal 
teichoic acid; the other, recognized with keratinized cells only, 
is secondary, supplemental, and blocked by teich oic acid. 
Patients with atopic dermatitis may carry S. aureus for at 
least 4 mo (unpublished data), but their carriage seems to be of 
a different form than that of healthy carriers. Compared to 
normal noncarriers, adherence tallies of healthy carriers are 
elevated by 100% [5]; atopic nasal cells support 30% more 
staphylococci than controls. 
The common arithmetic increase in adherence for granular 
and keratin layer cells between atopic and normal subjects 
suggests that either a new receptor or more probably an increase 
of the primary receptor is responsible for the higher counts. 
The fact that adherence on the ecologically important keratin-
ized cells of atopics was not significantly different from that of 
such normal cells warns of the hazards in interpreting total cell 
data. The atopic granular cells, having a superior number of 
receptors than their normal counterparts, may, nonetheless, 
have a function in the nasal carriage of S. aureus perhaps by 
permitting a closer association with the deeper cells of the 
mucosa that; may be exposed with minor trauma or intensified 
desquamation. We are currently investigating the nature of the 
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primary bacterial adhesin (which may account for some 30- 35% 
of the adherence tallies on nasal keratin layer cells) as well as 
the corresponding receptors of the nasal epithelium. 
We are grateful to Charlene Bayles for her helpful technical assist-
ance. 
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Retinoic Acid Causes Premature Desquamation of Cells from Confluent 
Cultures of Stratified Squamous Epithelia 
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Cells from 2 types of stratified squamous epithelia 
were grown to confluence in vitro. In these cultures 
highly differentiated cells were shed into the culture 
medium at a constant rate for at least 4 weeks, thus 
providing a unique system in which to study factors that 
influence desquamation. Retinoic acid (RA) decreased 
the rate of desquamation in calf esophagus epithelial cell 
(CEEC) cultures and increased the rate of desquamation 
in human foreskin epithelial cell (HFEC) cultures. Cells 
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were less differentiated, as assessed by their protein/ 
DNA ratio, than cells shed from control cultures. These 
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3 operationally defined compartments: proliferating cells, post-
mitotic differentiating cells, and cells which are shed into the 
matology, Yale University, New Haven, CT 06510. 
Abbreviations: 
CEEC: calf esophagus epithelial cell 
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